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BGO In Sevural Satellite-Borne Applications

Ray \/Ill , ]:”J@.heSadel

Los Alamns Nat fI>II;I”l I,aboratory

Los Alamofl,!Jt:wMexico

AbstrHr.t

An experiment Ls being prepared Id be f10”,?0on n NASA/NOM TIRC)S

s~tellite, Named lIOHI+l (Department of Energy Experiment), it wilL cwrry a

segmented 2.7” x 3“ BGO (Bismuth Ccrmanate) scintillator~ Sufficient telemetry

will he pt(}vided to evnluatc the performance cxhuuatively during n long

expoqure in tipace, Anothar Lnatrument tncllu’lingn T!GOscintillator, named SEH

(Spectrometer for Enorgettc l?lcctrons), hnn hf.~onoperutlng fit~ynchronou~

:Iltttldvstnc~ 1979, provtding mensurcmcntH of ulactron fluxen nt 2.5 < 1? < 9

moV, Ih)fnrtuluitnly, the fintn nro not Hill.tnl)h for u cri.tlcnlevuluntif)nof tho

HGO ~cintl.Llntnrperformnncc, Elillc(!H(!lntl~htr)r ruHponm is not diractly

monltorw[.
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maintains an interest in detecting nuclear gamma radia~ion

(E ‘ 1 MeV) in space. Presently, sc’.ntillationdetectors are the most

effective instrument in this application, providing high sensitivity and

long-term reliability coupled with reasonably good resolution. Bismuth

germanate (EGO) is especially promising for the detection of gamma radiation at

energies of 1 MeV and greater,

The DOEE-1 Experiment——

In order to evaluate the performance of BGO in a long-durationexposure to

a space environment,a developmental instrument,named DOEE-1 (Department of

Energy Experiment), is being prepared to be flown on a NASA/NOAA TIROS

satellite, The TIROS orbit will provide periodic exposure to high energy

electrons (in the polar horns of the radiation belt) and to high-energy protons

(in the South Atlantic anomaly). The ir,~trument 1s to replace an existing

TIROS Ir,strument,thus the design is limited by the constraints (configurtition,

weight, and telemetry resources) imposed by the previously def!.ned interface

requirements. A photograph of paILiall)f completed BCI)(Mismuth Germanat*

Detector) sensor assembly is uhown (with covor~ removed) as figure 1,

The s~nsor is baaed upon a right-circularcyclinder of BCC 2.7” diameter x

3.9” length, The cylinder IS form(d of four elementn ge!le:ateclby dividing

e$lr.hof two 1*5” thick dinca into two “I)”shaped aegment~, The ends of the

cylind~~r are bev~led to f~cilitnte supporting the asaembl,y, A l~oleis bored

through tho ccntur of and trunaverse to the axin of the cylindvr an:l (at the

inter~ectfon botweon the dincn) to nccept a umall energetic-particledctnctor,

and each ~lam~nt in machined on the c.ylindric nurfat~ no akI te accept thtl

nphprical window of an RCA typo C70132 photomultipllertube, A plantfc model

of th~ 1)(;()ncintlllatoranrnemhlyin nhowntn fiRure 20
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An ‘exploded”view of L components that make up the sensor is shown in

figure 3. The BGO stint.:llat~assembly is positioned and supported within the

housing between a pair of beveled plastic retainers, held by a compression

preload exerted by the screw-in cover. A transparentsilicone pad will provide

a resilient coupling between the individual scjntlllator elements and the

photomultiplier (PM) tubes. The base of each PM and the associated bleeder

circuit are supported by a two-piecemolded collar which also is utilized to

transmit a compressive force holding the PM firmly against the scintillator.

The conventional end-window PM tube in the left foreground 1S included only to

illustrate an example of the thick-filmhybrid bleeder to be employed. The

small cylindricalhousing is to contain a 3/4’1PM tube and plastic scintillator

to be used to monitor the charged particle environment in which the instrument

is operating.

The charged particle monitor is intended to monitor the environment which

may contribute to the reeponse in the primary (BGC) sensor. These data will

also bc used to automaticallydisable the BGO sensors (by removing the high-

voltage) during passuges through the most intense region of the South Atlantic

anomaly, Furthermore, the particle monitor has been buried between the BCO

elements in order to allow identification of positrons, by establishing

coincidt!ntdetection of one or both of the 0.5 meV annihil~tion gamma r8ys hy

?.IICT3co a~ns~r~, This will extend n positron survuy to region~ of tht?

mn~nutosphere not snmpled by similar in8trumentHon (NO-1 ,Indo(XF3 (Clinu nnd

HOIU?FI, !96(1).

Tt]cinllalog olectrol)ics nre to ho stnckt?d on bosNcs providod on tha

]~}~ot~)t~l(ll,ti]~licrllo\lH~tlHR,aIId nlRO within the cwvlty reflltiinfnRwithin tll~~box

fnrmln~ t.hp hnRo of the sensor l~out4inN,nhown in figure 4. Th: f~VQ

c[)mpnrtm[~nlodenclo~ur{!~ l!howtlmounto+ in tlltllbox Wtll Ilt){lwotli! fivt!



“4-

.steppable (5-bit or 32-level) high-voltage supplies powering the

photomultipliertubes. Logical electronics and a magnetic bubble memory are to

be housed separate;, in the DPM (Data Processing Module) internally mounded

within the spacecraft.

A block diagram of t~e analog electronics is shown in figure 5. Each of

the four BGO sensors will be served by identical electronics, including a

preamplifier, amplifier, and a 5-bit (32-level)linear A/D converter. It iS

intended that this channel span the range 40 < E C 700 keV, with provieion for

raisiilgthe threshold to 100 keV by command. Higher level signals, derived

from the four individual preamps, are added in a summing amplifier and analyzed

by a single 7-bit (128-level)nonlinear A/D converter. This was felt to be

desirable because responeeb at higher energies will be often distributed

between several of the elements. This channel will cover a range 0.6 < E < 20

meV.

The charged-particle detector response is analyzed by a 4 bit (16 level)

A/D channel. Two additional bits of informationincluded with each analy~is

indicate whether none, one, two, or more UGO fieneorereeponded in coincidence

within an enerqy vindow around 0.5 MeV. This window interval la defined by a

hybrid analo3/logical C~L”CUlt for bot!ltechnical and practical reaaons.

The reoults of tl~e analyses psrforrnedon the outputs of the individual

sensors are aesembled in A shift regist~r (FIFO, first-in/ftrst-out) to be

transmitted to the logical electronics and memory. A block diagram of the

ny~tem is shown in figure 6. ‘thedashed line indicates the division of the

ci~-cuitry between the BGD and I)PM, The lo~ical functions of data handling are

Iargel;cperformed by a microprocessor,and are not readily described by a block

diagram. Ihtn input to the lo~ics, however, is provided by a direct-memory-

accen~ (DMA) unit,
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The microprocessorfunctions are programmed through software stored in a

programmable read-only memory PROM. It provides for real-time data handling,

formatting for the telemetry a full set of spectral data on a 64 s p~iiod. It

also identifies rapidly-rising transient events, storing high-resolution

records of these events in the bubble memory (with a capacity of a half-million

bits). Upon terminationof an event record, these stored high-resolutiondata

are formatted for telemetry, replacing the real-time data. Conflgura?ion

commands are processed by the microprocessor, then loaded into dedicnted

registers in both the DPM and the B(X). State-of-healthfunctions are presented

upon dedicated lines t~~rough the DPM at the spacecraft interface, The

microprocessoralso performs logical tests of the bubble memory and the RAM,

and a statistical test of sensor response. The results of these tests are

presented as a part of the digital status information.

This in~.rument is being prepared on a schedulewhich will allow delivery

in early June Igbs, The schedule for spacecraft testing provides for a launch

in 1985. This schedule is, hnwever, tentativeand may be either acceleratedor

retarded depending upon program requirements.

The Spectrometerfor Energetic Electrons (SEE)—. —— —

An instrument employing a BC() scintillatnr is currently operating at

synchronous orbit. This instrument is an electron spectrometer monitoring

electrons irl the energy r*nRe 2.5 < E < 9 MeV. A plan view of t!~einstrument

is ~hown in figure 7. The ~pectrometer is based upon a MO scintillntor, in

which the energetic.elcctron~ nre absorbed. B(KJwas cho~un a~ the sctntillntor

becau~c it allowed a compnrt de~t~a, nvces~ary to accommodate the instr\lmentn~

a direct replacement for one of n dtfferent type, without modifying eithvr thr

rnt?dhnnicnl or electrical lnt~rf{lc.c,
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shielded (by a thick aluminum case and a glass

penetration of electrons to 15 MeV. A collimated

entrance aperture is defined by tant}.lumand cop;er elements. Electrons

entering through the collimator are identified by the response they produce in

a silicon solid-state detector (2 element) immediately in front of the

8cintlllator. Electrons within the range of the measurement are

minimum-ionizingparticles, and thus deposit a uniform energy in the silicon

dctectora. Other minimum-ionizingparticles usually are rejected because they

deposit excenmtve energy in the 8cintillator.

Data from the 8cinttllation spectrometer is analyzed in onlj four

differential intervals (becauae of telemetry limitation), between nominal

leve18 of 2.5, 4, 6, 9, and 15 MeV. The analy8i8 18 performed only when

coincident re8pori8ein the 811icon detector ~8 ob8erved. The 811icon detector

count8 in the llwindowllenergy interval are also telemetered. Unfortunately,

the8e data do not allow a critical evaluation of the perfc)rmanceof BGO in this

environmentbecause respon8e in the sclntillator i8 not monitored independently

of re8ponsein the 8ilicon detector.

The capability to meae’lrehigh-energy electrons wa8 developed becau~e of a

concern that the then-currentAE-4 model of the energetic electron population

at synchronous altitude did not adequately describe the contributionof

electrons at energies greater than 2 MeV. The8e higher energy electrons are of

importance to 8pacecraft operating in thi8 regime since they could produce:

1) Cable charging and deep dielectric charging.

2) LogicEIupsets and anonalie8.

3) Dose effect8 from the penetratingelectrone which are difficult

to ehield against,

The first instrument of this type w14fJ placed in aynchrol@u8 orbit iII 1979, and
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monltoril{ghas been provided nearly co~tinuouslysince that time. Preliminary

data from the instrumenthave been reported (Klebesadelet al. 1982) and have

been published as a part of a synoptic data set which Includes analyses of

lower-energyelectrons and protons (Baker et al. 1982).

During this extended period of operation, a number of periad8 of unusual

activity have been observed. Spectral distributionsof the energetic electrons

during the first of these, occurring in June 1980, is shown in figcre 8. These

spectra represent daily averages, as indicated. AISO shown i6 the AE-4 model

spectrum, which is seen to be deficient at hi~her energies as compared to these

measurements. Of co~rse, these data are unusual, and not representative of

average conditions.

These times of unusual activity appear to be periodic, occurring at

intervals of about 13 months. There is some evidence that these correspond to

times when the sun’s twisted magnetic field connects the earth and the planet

Jupiter, as shown in figure 9. Electrons emitted from the Jovian magnetosphere

may then be confined by the solar magnetic field and ducted to the vicinity of

the earth. Such a mechanism w&s first suggested by Teegarden et al. (1974).

Conclusions

Aithough BGO has already been employed successfully in an application in

epace, the performance of that RGO spectrometer can not be cr..ticallyevaluated

based upon th~ data which are available. The DOEE-1 instrument being prepared

to be flown aboard a TIROS satellite will provide a comprehensiveanalysis of

the performance of a 3G0 spectrometer. This satellite will be placed into an

orbit which will subject the instrument to a long-Julc*ionexposure to a wide

range of radiation environments. Thus, data returteclfrom this instrumentwill

be useful in assessing the suitability of BGO In other anticipated 6atellite-

borne applications.
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